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ABSTRACT 
          In the beginning of 2007, indole arynes and their cycloaddition chemistry were discovered 
by Buszek laboratories. Since then, indole arynes and their cycloaddition chemistry have 
demonstrated their value in the construction of biologically active natural products, such as 
trikentrins and herbindoles. In addition to the tremendous value of indole aryne cycloaddition 
chemistry in natural products total synthesis, this chemistry has successfully contributed to library 
development and drug discovery fields.  
          Taking advantage of the relative electronegativity of fluorine atoms, we proposed four 
polyfluoroindole scaffolds that could potentially generate the all three indole arynes, namely, 4,5-
, 5,6-, and 6,7-indole arynes, from a single platform through a combination of dehydrohalogenation 
and metal halogen exchange chemistry. In these efforts, a practical and efficient synthetic scheme 
was constructed via the Fischer indole reaction in order to design the four trifluoroindoles from 
the corresponding trifluoroanilines - a single platform to generate the three indole arynes.    
          This efficient Fischer indole synthetic scheme was used after earlier attempts with a previous 
and longer synthetic route to produce 4,6,7-trifluoro-1H-indole from 2,4,5-trifluoroaniline was 
iv 
 
unsuccessful. In spite of the fact that we were not able to obtain the desired compound through 
this previous synthesis, unexpected results were produced (i.e., diazo-oxides compounds). 
          The four trifluoroindole systems, namely, 4,5,6-trifluoro-3-phenyl-1H-indole, 4,5,7- 
trifluoro-3-phenyl-1H-indole, 4,6,7-trifluoro-3-phenyl-1H-indole, and 5,6,7- trifluoro-3-phenyl-
1H-indole, have now been synthesized via the Fischer indole reaction from the commercially 
available triflouroanilines in two-step synthesis. 
          Calculated acidities of the four trifluoroindole systems were performed in the gas phase, 
which indicated the possibility of generation indole arynes from these scaffolds. By comparing 
proton chemical shifts of trifluoroindole and tribromoindole sets to indole itself, proton chemical 
shifts of trifluoroindole scaffolds shifted upfield whereas proton chemical shifts of tribromoindole 
shifted further downfield. Interestingly, this can indicate that in trifluoroindole systems, fluorine 
atoms shield the protons whereas in tribromoindole systems, bromine atoms deshield the protons. 
Two systems namely, 4,5,6-trifluoro-1-methyl-3-phenyl-1H-indole and 5,6-difluoro-1-R-3-
phenyl-1H-indole were proposed as a potential “universal” indole aryne generating platform. 
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CHAPTER 1 
INTRODUCTION AND BACKGROUND 
1.1 Indole arynes and their cycloaddition chemistry 
          Indole arynes and their Diels-Alder cycloaddition chemistry were first reported by the 
Buszek laboratories beginning in 2007.1 The benzenoid indole arynes are presented below 
(Figure 1.1), the 4,5-indole aryne 1.1 , 5,6-indole aryne 1.2, 6,7- indole aryne 1.3, and 2,3-
indole aryne 1.4. The 1.1, 1.2, and 1.3 indole arynes were generated by Buszek’s group in 2007 
while 1.4 indole aryne is not yet known. 
 
 
Figure 1.1. The indole arynes. 
 
These three indole arynes were generated through metal halogen exchange and elimination of 
o-dibromoindoles by using 1.2 equivalent of n-BuLi in diethylether (Scheme 1.1).2,4 After the 
formation of indole arynes 1.1, 1.2, and 1.3, these highly reactive intermediates underwent a 
cycloaddition reaction and were trapped with furan to afford the annulated indole cycloadducts, 
1.6, 1.8, and 1.10.2,4  
2 
 
 
Scheme 1.1. Indole arynes and their cycloaddition chemistry.  
 
          The Buszek laboratories also reported the formation of 6,7-indole aryne 1.12 and 5,6-
indole aryne 1.13 from one fluorinated system 1.11 (Scheme 1.2).1,3 The intermediate 1.12 
was generated via selective dehydrohalogenation because of the deprotonation of the more 
acidic hydrogen on C-7 as a result of the inductive effect of the electron withdrawing nitrogen 
atom in the pyrrole, as well as the adjacent fluorine atoms.1   
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Scheme 1.2. Formation of 6,7- and 5,6-indole arynes from one fluorinated scaffold. 
 
The 6,7-indole aryne was trapped with furan to afford the annulated cycloadduct 1.14.1 
Interestingly enough, by changing the solvent from diethyl ether to toluene, acid/base 
chemistry was suppressed in favor of metal halogen exchange and elimination which gave 
instead the 5,6-indole aryne intermediate 1.13. This intermediate was similarly trapped with 
furan and afforded the 5,6-cycloadduct 1.15.3  
 
1.2 Natural products total synthesis 
          Several alkaloid natural products contain either a benzannulated or a benzene-substituted 
indole nucleus. These include lyngbyatoxin2,6 1.16, cytoblastin2,7 1.17, the teleocidins2,8-10 
1.18, trikentrins5,11-14 1.19 and 1.20, and the herbindoles2,11-14,16 1.21, 1.22 and 1.23 (Figure 
1.2). The biologically active natural products (±)-cis-trikentrin A,5,15 (±)-cis-trikentrin B,16 (±)-
herbindole A,15,17 (±)-herbindole B,15,17 and (±)-herbindole C17 have been synthesized via the 
6,7-indole aryne cycloaddition and cross-coupling methodology as shown in Figure 1.3. 
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Figure 1.2. Natural products containing a benzannulated or a benzene-substituted indole nucleus. 
 
The trikentrins15, 21 were reported to have antibacterial activity, while the herbindoles15, 22 exhibited 
cytotoxic and antifeedant properties. An example of indole aryne cycloaddition and cross-coupling 
strategy as a powerful tool in natural products total synthesis is the generation of 
herbindole15,17,13,20 A 1.21 , B 1.22, and C 1.23 from the 4,6,7-tribromo-5-methylindole scaffold.17 
This molecule was produced via the Bartoli reaction and then protected with t-butyldimethylsilyl 
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group to give 1.24. The metal halogen exchange occurred in a regioselective manner at the C-7 
position4,18 in intermediate 1.24 (Scheme 1.3).17  
 
 
 
Figure 1.3. Formation of trikentrins and herbindoles via indole aryne (indolyne) cycloaddition 
and cross-coupling chemistry. 
 
After the generation of the reactive 6,7-indole aryne, it underwent cycloaddition with 
cyclopentadiene which gave the 6,7-benzannulated system 1.27, and afforded the three herbindoles 
A, B, and C (Scheme 1.3).17  Ozonolysis (O3, CH2Cl2, -78 
oC, 1 h) and reduction (NaBH4, 12 
equiv) of  the cycloadduct 1.27 produce the diol 1.28 in 85% yield which was subjected to Fujimoto 
reduction condition (MsCl, 2.2 equiv: Et3N, 4.0 equiv; CH2Cl2, 0 
oC to rt; then NaI, 15 equiv; Zn, 
60 equiv; glyme, 80 oC, 12 h) to give the desired intermediate 1.30 (Scheme 1.3).  
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Scheme 1.3. Synthetic route of intermediate 1.30 to give herbindole A, B, and C. 
 
Herbindoles A 1.21, B 1.22 and C 1.23 were each obtained via Pd(0)-catalyzed Negishi or Stille 
cross-coupling reactions, followed by desilylation (TBAF, 2.0 equiv, tetrahydrofuran (THF)) 
which gave the desired natural product (Scheme 1.4).17 
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Scheme 1.4. The total synthesis of the three herbindoles. 
 
          Welwitindolinones natural products were produced via a nucleophilic addition at C-4 in the 
4,5-indole aryne as illustrated in Figure 1.4.19 Garg, et al., generated the 4,5-indole aryne and the 
enolate intermediate (1.34) by using Caubere32 base conditions (NaNH2, t-BuOH, THF, 23 
ᵒC), 
then it converted to the four members of welwitindolinones natural products 1.35, 1.36, 1.37, and 
1.38.19 
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Figure 1.4. Formation of welwitindolinone via 4,5-indole aryne nucleophilic addition. 
 
Indolactam alkaloids,19 namely indolactam V 1.41, pendolmycin 1.42, lyngbyatoxin A 1.43, and 
teleocidin A-2 1.44 were also produced via the 4,5-indole aryne which prepared from 
bromosilyltriflate with CsF and then followed by a nucleophilic addition of a peptide (Figure 1.5). 
 
 
Figure 1.5. The tumor promoter indolactam alkaloids. 
 
1.3 Applications to library synthesis and medicinal chemistry 
           Buszek, et al., built the first 93-member library of polycyclic, 4-substituted, 6,7-
benzannulated indoles23 using the 6,7 indole aryne cycloaddition and cross-coupling methodology 
from 4-bromo-6,7-annulated indole scaffold 1.45 as shown in Figure 1.6. 
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Figure 1.6. 93-Member library of polycyclic, 4-substituted, 6,7-benzannulated indoles. 
 
The 4-bromo-6,7-annulated indole scaffold was synthesized starting with bromination of o-
nitroaniline 1.46 at C-2 and C-4 ( Br2, MeOH/ CH2Cl2 (1:1), 95%) followed by diazotization (t-
BuONO, CuBr2, 75%) to obtain the 2,3,5-tribromonitrobenzene 1.47 as described in Scheme 
1.5.5,23   
 
 
Scheme 1.5. Synthesis of the 4-bromo-6,7-annulated indole scaffold. 
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After that, Bartoli reaction conditions (vinylmagnesium bromide, 3.0 equiv, tetrahydrofuran 
(THF), -40 oC) were applied followed by methylation (NaH, MeI, THF, 0 oC) to obtain the desired 
indole 1.48 (Scheme 1.5).5, 23 Metal halogen exchange/ cycloaddition chemistry of 6,7-indole 
aryne followed by hydrogenation were used to produce the cycloadduct scaffold 1.45. 5, 23   
            This library was generated through indole aryne cycloaddition and cross-coupling reactions 
under both Suzuki-Miyaura and Buchwald-Hartwig conditions. They illustrates the value of indole 
arynes and their cycloaddition chemistry, because of the biological results obtained from these 
annulated indole libraries.23, 24, 25 From the novel26 93-member library of polycyclic, 4-substituted, 
6,7-benzannulated indoles, 66 structural entities were tested for their biological activity against 
murine L1210 tumor cell proliferation in vitro, and most of them showed inhibition activity against 
leukemic cell metabolism.24   
 
 
Figure 1.7. Selected anti-proliferative 6,7-annulated-4-substituted indoles. 
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Nine anti-proliferative compounds of the sixty-six annulated indoles had the most inhibiting effect 
against L1210 tumor cell proliferation in this vitro study (Figure 1.7).24 Moreover, these nine anti-
proliferative compounds exhibited induction of DNA cleavage at 24 h in L1210 tumor cells, that 
contain 3H-thymidine-prelabeled DNA.24 Another recent study was conducted to evaluate the 
antitumor effects of six members of the 6,7-annulated-4-substituted indoles in human HL-60 cells 
in culture.25  The results of this study, which showed inhibiting activity of the HL-60 tumor cells’ 
metabolism, suggested that these six anti-proliferative compounds might increase mitotic 
abnormality, block cytokinesis, and induce chromosomal damage in human HL-60 tumor cells 
(Figure 1.8).25 Hence, these compelling biological results help to validate the significance of these 
libraries and the indolyne cycloaddition and cross-coupling chemistry in the drug development 
field. 
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Figure 1.8. The six antitumor annulated indole compounds studied for their effectiveness in HL-
60 cells in vitro. 
 
Figure 1.9 is showing the five annulated indoles that mimic the biological behavior of the 
anticancer drug Vincristine, and they recently under further investigation and development as a 
potential anticancer drug.25  
 
 
Figure 1.9. The five antitumor annulated indole that mimic Vincristine’s behavior. 
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1.4 Applications to mechanistic and computational chemistry 
          Another application of indole aryne cycloaddition chemistry is the remarkable regioselectivity 
of 6,7-indole aryne to the more steric hindrance product when reacted with the 2-substituted furan 
compared to the 4,5- and 5,6-indole arynes (Scheme 1.6).1,2,4   
 
Scheme 1.6. Regioselectivity in 4,5-, 5,6-, and 6,7-indole aryne cycloadditions. 
 
This remarkable regioselectivity to the contrasteric isomer attributed to the preference of the 6,7-
indole aryne to view as a highly polarized bond which makes C-6 act as an electrophile whereas 
C-7 act as a nucleophile in the manner shown in Figure 1.10.1,2,4 In the cycloaddition with the 2-
14 
 
substituted EDG furan, the major product is the more crowded cycloadduct whereas in the EWG 
case the major product is the less crowded cycloadduct.4   
 
 
 
Figure 1.10. Polarized nature of the 6,7-indole aryne. 
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CHAPTER 2  
EFFORTS TOWARD GENERATION OF 4,6,7-INDOLE VIA BARTOLI REACTION 
2.1 Concept and introduction 
           By adapting the previous methods for generation of two indole arynes through metal 
halogen exchange and dehydrohalogenation from one diflouroindole1,3 (Scheme 1.2) and by taking 
advantage of relative hydrogen acidities and selection of solvent system3, we have proposed the 
first trifluoroindole scaffold that could potentially generate the all three indole arynes namely 4,5-, 
5,6-, and 6,7-indole aryne from a single platform (Figure 2.1).  
  
 
Figure 2.1. The first proposed trifluoroindole that could generate all three indole arynes. 
 
In  previous work, our group was able to generate the 6,7-indole aryne and 5,6-indole aryne from 
applying selective dehydrohalogenation and metal halogen exchange, respectively, on only one 
diflouroindole system 1.13.1,3 The electronegative fluorine atoms should affect the acidity of 
adjacent hydrogen atoms facilitating dehydrohalogenation to generate both 4,5- and 5,6-indole 
arynes 2.4 and 2.5. By changing the solvent from diethylether to toluene, metal halogen exchange 
occurred at C-7 leading to the generation of 6,7-indole aryne 2.6 (Figure 2.2).3,4,18  
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+
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N
F
F
R
F
H
R = alkyl
M = Li, Na, K
M = Li, Na, K
 
Figure 2.2. Proposed trifluoroindole scaffold for the generation of all the three indolynes. 
 
2.2 Synthetic scheme 
           To generate the desired 4,6,7-trifluoroindole 2.1, the synthesis starts with amidation16 
((CH3CO)2O, 1.15 equiv; 1,2-dichloroethane, reflux, 2 h) of the commercially available 2,4,5-
aniline 2.7 (Scheme 2.1), which gave compound 2.8 in 92% yield. Next, nitration was achieved 
on 2.8 with fuming nitric acid, sulfuric acid, and glacial acetic acid27 followed by hydrolysis (HCl/ 
H2O, reflux 2 h)
27 of 2.9 giving 2-nitro-3,4,6-trifluoroaniline 2.10.  
 
Scheme 2.1. Synthesis of 4,6,7-trifluoroindole via the Bartoli approach. 
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    c)                                                                                          
F
F
F
NH2
NO2
H5
 
   b)                                                                                            
   a)                                                                                            
 
a) 1H NMR (CD3CN):  δ 8.25 (bs, N-H), 8.14 (dt, J=8.0, 12.4 Hz, 1 H, Ar-H6), 7.18 (td, J=7.2, 10.4 Hz, 1 H, Ar-H3), 
2.12 (s, 3 H, -CH3). b) 1H NMR (CD3CN):  δ 8.39 (bs, N-H), 7.54 (td, J=6.8, 10.0 Hz, 1 H, Ar-H5), 2.10 (s, 3 H, -
CH3). c) 1H NMR (CD3CN):  δ 8.98 (bs, N-H2), 7.39 (td, J=6.8, 10.4 Hz, 1 H, Ar-H5).  
 
Figure 2.3. Fluorine coupled proton spectrum at 399.8 MHz. 
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 c)
F
F
F
NH2
NO2
                                       
 
 b)
F
F
F
NHCOCH3
NO2
                                 
F
F
F
NHCOCH3
                                               
a) 
 
a) 19F NMR (CD3CN):  δ -130.5 (m, J=7.8, 11.2 Hz, 1 F), -142.4 (m, J=9.0, 20.6 Hz, 1 F), -143.4 (m, J=6.7, 12.4, 
20.3, 1 F). b) 19F NMR (CD3CN):  δ -121.1 (t, J=10.5, 1 F), -135.3 (dd, J=9.0, 20.6 Hz, 1 F), -150.7 (m, J=6.7, 20.6 
Hz, 1 F). c) 19F NMR (CD3CN):  δ -134.1 (m, J=3.3, 11.2 Hz, 1 F), -151.2 (m, J=7.1, 20.6 Hz, 1 F), -154.2 (ddd, J=3.3, 
10.1, 21.8 Hz, 1 F). 
 
Figure 2.4. Proton coupled fluorine spectrum at 376.1 MHz. 
 
 
Proton and fluorine NMR for compounds 2.8, 2.9, and 2.10 are shown in Figure 2.3 and 2.4. 
According to Finger et al., dediazotization of 2-nitro-3,4,6-trifluoroaniline can be achieved with 
H2SO4 (2-3 h, rt); NaNO2/ H2SO4, 0 
oC, H3PO2, 0-10
 oC, 30 min, and Cu2O/NaPO2H2/H2O, below 
50 oC, 5 min.28 The generation of the desired 4,6,7-trifluoroindole could then be attempted through 
Bartoli reaction conditions (CH2=CHMgBr, 3.0 equiv, THF, -40 °C). However, this was not the 
case, as outlined below. 
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2.3 Diazo-oxides and ethoxy compounds 
           The complication of the dediazotization reaction conditions shifted our attention to a 
different dediazotization procedure using sodium nitrite (NaNO2) and sulfuric acid in ethanol. 
Perfluoro-o-nitroanilines with nitrous acid produced diazo-oxide compounds, where two fluorine 
atoms are displaced.29 Scheme 2.2 illustrates the formation of diazo-oxide from 3,4,5,6-
tetrafluoro-2-nitroaniline 2.12 where 3,4,5,6-tetrafluoro-2-nitrobenzenediazonium ion 2.13 first 
forms and activates the para and ortho positions for displacement of fluorine by water in which 
the diazo-oxide 2.14 is formed.29  
 
Scheme 2.2. Formation of diazo-oxides and their reduction. 
 
Reduction of diazo-oxide 2.14 by hypophosphorous acid (H3PO2) gave 2.15. According to 
Hudlicky, et al., NMR and mass spectrometry data was consistent with structures 2.14 and 2.15, 
providing an evidence of the preference of the ortho over the para position in fluorine 
displacement process.29 Formation of two diazo-oxide compounds from 3,4,6-trifluoro-2-
nitroaniline was observed previously during diazotization; one was obtained from diazotization in 
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hydrochloric acid and the other diazo-oxide form in hydrofluoric acid due to fluorine replacement 
at the 4-position and the other at the 6-position.27 According to Finger et al., the two diazo-oxide 
compounds were exploded on heating or flame ignition, and they have no structural assignments 
because of the uncertainty of fluorine atoms’ postions.27  
 
F
F
F
NH2
NO2
F
O
F
NO2
N+
N-
F
O
NO2
N+
N-
FNaNO2 (3.2 eq)
H2SO4, EtOH (100%)
 0 °C, 15-20min
or
H H H
2.10 2.16a 2.16b
 
Scheme 2.3. Diazotization of 3,4,6-trifluoro-2-nitroaniline at 0 oC. 
 
Fluorine coupled proton spectrum at 399.8 MHz 
                                    
F
O
F
NO2
N+
N-
F
O
NO2
N+
N-
F
or
HH
 
 
 
Proton coupled fluorine spectrum at 376.1 MHz 
                                         
 
 
 
 
1H NMR (CD3CN):  δ 6.86 (dd, J=7.2, 12.8 Hz, 1 H); 19F NMR (CD3CN):  δ -118.9 (dd, J=12.7, 18.4 Hz, 1 F), -144.2 
(dd, J=7.5, 18.8 Hz, 1 F). 
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Figure 2.5. Diazo-oxide proton and fluorine spectra. 
 
 
           This reaction was observed by our group during diazotization of 2.10 with (NaNO2, 3.2 
equiv; H2SO4, ethanol, 0 
oC, 15-20 min) (Scheme 2.3) where either one of the two diazo-oxide 
compounds 2.16a or 2.16b was obtained. Figure 2.5 is showing the diazo-oxide proton and 
fluorine NMR spectra. By changing the time and the temperature of the reaction (NaNO2, 3.2 
equiv; sulfuric acid, ethanol, 85 oC, 48 h) a product with the ortho and para fluorine atoms were 
replaced by ethoxy30 groups was produced, 2.17, as illustrated in Scheme 2.4. 1,5-Diethoxy-2-
fluoro-3-nitrobenzene, 2.17, is the major product, and its proton and fluorine NMR is showing in 
Figure 2.6. 
    
 
Scheme 2.4. Diazotization of 3,4,6-trifluoro-2-nitroaniline at higher temperature and longer 
time. 
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Fluorine coupled proton spectrum at 399.8 MHz 
                                                                                   
 
                         
 
Proton coupled fluorine spectrum at 376.1 MHz 
                                                             
1H NMR (CD3CN):  δ 7.03 (dd, J=2.8, 4.8 Hz, 1 H), 6.91 (dd, J=3.2, 6.8 Hz, 1 H), 4.15 (q, J=7.2 Hz, 2 H, -CH2), 4.07 
(q, J=7.2 Hz, 2 H, -CH2), 1.41 (t, J=7.2 Hz, 3 H, -CH3), 1.37 (t, J=6.8 Hz, 3 H, -CH3); 19F NMR (CD3CN):  δ -152.3 
(dd, J=4.5, 6.8 Hz, 1 F). 
 
Figure 2.6. NMR Spectra of 1,5-diethoxy-2-fluoro-3-nitrobenzene.  
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CHAPTER 3 
SYNTHESIS OF 3-PHENYL-TRIFLUOROINDOLES VIA FISCHER ROUTE 
3.1 Trifluoroindoles as a surrogate for tribromoindoles 
            Previously, Buszek’s group generated the biologically active natural products trikentrins 
and herbindoles via indole aryne and their cycloaddition/cross coupling chemistry using the 4,6,7-
tribromoindole scaffold (Scheme 3.1).5 By using trifluoroindole scaffolds as a surrogate to 
tribromoindole scaffolds, the following advantages can be achieved: (a) both tribromoindoles and 
trifluoroindoles undergo metal halogen exchange; however trifluoroindols produced in only two-
step synthesis whereas tribromoindoles produced in at least three-step synthesis or more, (b) less 
chemical mass loss during aryne generation with trifluoroindoles (2 x 19 = 38 amu) compared to 
tribromoindoles (2 x 79 = 158 amu) leading to improve the economical process, (c) aryl fluorine 
bonds less prone to hydrogenolysis compared to aryl bromide bonds, and (d) organofluorine 
compounds are considered physiologically benign.  
 
 
Scheme 3.1. Trifluoroindoles as a surrogate for tribromoindoles. 
 
3.2 Synthesis of the 3-phenyltrifluoroindoles via the Fischer route 
          Four indoles, 4,5,7-trifluoro-3-phenyl-1H-indole, 3.1; 4,5,6-trifluoro-3-phenyl-1H-indole, 
3.2; 4,6,7-trifluoro-3-phenyl-1H-indole, 3.3; and 5,6,7-trifluoro -3-phenyl-1H-indole, 3.4 (Figure 
3.1) were prepared from the corresponding trifluoroaniline in just two synthetic steps. These four 
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trifluoroindole scaffolds can potentially generate the three indole arynes as illustrated in Figure 
3.2. 
 
 
Figure 3.1. Structures of the four trifluoroindole scaffolds. 
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Figure 3.2. Trifluoroindoles as “universal” indole aryne generating scaffolds. 
 
               First, a hydrazine hydrochloride salt produced from the commercially available 
trifluoroaniline. Fischer reaction conditions were applied to generate the fluorinated indoles, to 
possibly lead to the generation of the three indole arynes namely, the 4,5-, 5,6-, and 6,7-indolyne 
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(indole aryne). Our initial efforts began with the synthesis of the first candidate, 4,5,7-trifluoro-3-
phenyl-1H-indole, 3.1, from 2,4,5-trifluoroaniline, 2.7. The inexpensive and commercially 
available 2,4,5-trifluoroaniline was diazotized and reduced with stannous chloride to give the 
corresponding hydrazine, 3.5, that was treated with phenylacetaldehyde under Fischer conditions 
(refluxing EtOH) (Scheme 3.2). 
 
 
Scheme 3.2. Fischer route for the synthesis of 4,5,7-trifluoro-3-phenyl-1H-indole. 
 
 
 
 
 
 
          
 
 
 
 
 
26 
 
 
 
                   
 
 
a) 
 
 
 
 
 
 
 
                     
b) 
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a) 1H NMR (CDCl3):  δ 8.45 (bs, N-H), 7.58 (m, J=7.2 Hz, 2 H, phenyl-H2’), 7.41 (m, J=7.6 Hz, 2 H, phenyl-H3’), 
7.31 (m, J=7.6 Hz, 1 H,  phenyl-H4’), 7.29 (d, J=2.4 Hz, 1 H, indole-H2), 6.86 (td, J=5.6, 10.4 Hz, 1 H, indole-H6). b) 
19F NMR (CDCl3):  δ -137.6 (ddd, J=1.5, 10.2, 20.0 Hz, 1 F), -147.8 (ddd, J=1.1, 10.2, 20.0 Hz, 1 F), -148.5 (m, 
J=20.0 Hz, 1 F). 
 
Figure 3.3. Proton and fluorine NMR of 4,5,7-trifluoro-3-phenyl-1H-indole. 
 
Three other fluorinated indoles, 4,5,6-trifluoro-3-phenyl-1H-indole, 3.2; 4,6,7-trifluoro-3-phenyl-
1H-indole, 3.3; and 5,6,7-trifluoro-3-phenyl-1H-indole, 3.4 were prepared via the two-step Fischer 
route (Scheme 3.3) to be tested as potential scaffolds to generate the three different indole arynes. 
These trifluoroindole scaffolds characterized via proton, fluorine, and carbon NMR. Figure 3.4 is 
showing the proton NMR for the four trifluoroindoles where H7, H6, and H5 shifted upfield as the 
protons move away from the pyrrole ring whereas, interestingly, H4 shifted further downfield.  
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Scheme 3.3. Generation of the three fluorinated indoles via the two-step Fischer route. 
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Figure 3.4. Proton chemical shifts of trifluoroindoles. 
 
Figure 3.5 is showing selected proton, fluorine, and carbon NMR spectra for the 4,5,6-trifluoro-
3-phenyl-1H-indole. 
 
 
 
 
H7 
H6 
H5 
H4 
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Selected NMR data 
                 
 
        
 
 
a) 
 
 
 
 
                                              
                                                                                                                                 
b) 
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c) 
 
a) 1H NMR (CDCl3):  δ 8.26 (bs, N-H), 7.57 (m, J=7.2 Hz, 2 H, phenyl-H2’), 7.41 (m, J=7.2 Hz, 2 H, phenyl-H3’), 
7.31 (m, J=7.6 Hz, 1 H,  phenyl-H4’), 7.24 (d, J=2.4 Hz, 1 H, indole-H2), 6.99 (ddd, J=1.6, 5.6, 7.2 Hz, 1 H, indole-
H7).b) 19F NMR (CDCl3):  δ -139.9 (m, J=20.6 Hz, 1 F), -141.1 (ddd, J=3.4, 9.0, 20.6 Hz,  1 F), -171.7 (td, J=5.6, 
20.3 Hz, 1 F).c) 13C NMR (CDCl3):  δ 148.7 (ddd, J=2.9, 13.1, 242.5 Hz, C-F), 144.6 (ddd, J=4.9, 11.7, 259.1 Hz, C-
F), 135.4 (ddd, J=16.5, 17.6, 239.4 Hz, C-F), 133.8 (s), 131.6 (t, J=11.7 Hz), 128.6 (d, J=3.9 Hz), 128.3 (s), 126.6 (s), 
123.5 (d, J=2.0 Hz), 118.2 (m), 111.2 (dd, J=0.6, 15.6 Hz), 94.3 (dd, J=3.9, 21.6 Hz). 
Figure 3.5 Proton, fluorine, and carbon NMR spectra of 4,5,6-trifluoro -3-phenyl-1H-indole. 
 
After having the key fluorinated scaffold in hand, dehydrohalogenation with tert-butyllithium and 
diethyl ether was employed to deprotonate the proton on C-6. Before this deprotonation, it was 
necessary to protect the nitrogen proton, which is the most acidic proton in the parent indole, pKa 
approximately 16 (Scheme 3.4). Figure 3.6 reveals an interesting phenomenon, in which the 
splitting of the methyl group by the fluorine atom at C-7 in the 4,5,7-trifluoro-1-methyl-3-phenyl-
1H-indole 3.6 is observed (J = 2.0 Hz).    
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Scheme 3.4. Methylation of 4,5,7-trifluoro -3-phenyl-1H-indole. 
 
                                                                                                                                   
a)                                                         
b)                                            
 
 
a) 1H NMR (CDCl3):  δ 7.53 (m, J=8.4 Hz, 2 H, phenyl-H2’), 7.39 (m, J=7.6 Hz, 2 H, phenyl-H3’), 7.29 (m, J=7.2 Hz, 
1 H,  phenyl-H4’), 7.04 (s, 1 H, indole-H2), 6.80 (td, J=5.6, 10.8 Hz, 1 H, indole-H6), 3.98 (d, J=2.0 Hz, 3 H, N-CH3). 
b) 1H NMR (CDCl3):  δ 8.45 (bs, N-H), 7.58 (m, J=7.2 Hz, 2 H, phenyl-H2’), 7.41 (m, J=7.6 Hz, 2 H, phenyl-H3’), 
7.31 (m, J=7.6 Hz, 1 H,  phenyl-H4’), 7.29 (d, J=2.4 Hz, 1 H, indole-H2), 6.86 (td, J=5.6, 10.4 Hz, 1 H, indole-H6).  
Figure 3.6. Splitting of methyl group by fluorine atom. 
CH3 
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By analogy to the 4,5,7-trifluoro -3-phenyl-1H-indole, the three fluorinated scaffolds 3.2, 3.3, and 
3.4 were methylated using sodium hydride and methyl iodide in tetrahydrofuran at 0 ᵒC as 
illustrated in Scheme 3.5. Selected NMR data for the 4,5,6-trifluoro-1-methyl-3-phenyl-1H-indole 
is shown in Figure 3.7.  
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Scheme 3.5. Methylation of the three fluorinated indoles. 
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Selected NMR data 
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c) 
 
 
a) 1H NMR (CDCl3):  δ 7.54 (m, J=7.2 Hz, 2 H, phenyl-H2’), 7.40 (m, J=7.2 Hz, 2 H, phenyl-H3’), 7.29 (m, J=7.2 Hz, 
1 H,  phenyl-H4’), 7.09 (s, 1 H, indole-H2), 6.89 (ddd, J=1.6, 5.2, 9.5 Hz, 1 H, indole-H7), 3.74 (s, 3 H, N-CH3). b)  
19F NMR (CDCl3):  δ -139.4 (d, J=20.6 Hz, 1 F), -141.1 (ddd, J=4.5, 9.4, 20.6 Hz, 1 F), -172.3 (td, J=5.2, 20.6 Hz, 1 
F). c) 13C NMR (CDCl3):  δ 148.4 (ddd, J=2.4, 12.2, 242.3 Hz, C-F), 144.5 (ddd, J=4.9, 11.6, 251.6 Hz, C-F), 135.2 
(ddd, J=15.2, 17.1, 239.2 Hz, C-F), 133.9 (s), 132.6 (t, J=11.6 Hz), 128.4 (d, J=4.3 Hz), 128.3 (s), 128.2 (dd, J=0.9, 
3.5 Hz), 126.3 (s), 116.4 (m), 111.2 (dd, J=1.2, 15.2 Hz), 92.5 (dd, J=4.3, 22.1 Hz), 33.2 (s, N-CH3). 
 
Figure 3.7. Proton, fluorine, and carbon NMR of 4,5,6-trifluoro-1-methyl-3-phenyl-1H-indole. 
 
In the table below, the melting points of the trifluoroindoles were range from about 100 to 137 °C, 
and after methylation the melting points lowered to range from about 71 to 92 °C.   
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compound 
 
melting point1 
 
compound 
 
melting point1 
 
 
135-137 °C 
 
 
75-77 °C 
 
 
130-132 °C 
 
 
71-73 °C 
 
 
105-107 °C 
 
 
90-92 °C 
 
 
100-102 °C 
 
 
82-84 °C 
 
1-Uncorrected melting points. 
 
3.3 Efforts to generate the 5,6- and 6,7-annulated indole aryne from the methylated 3- 
phenyl-4,5,7-trifluoroindole 
          The 4,5,7-trifluoro -3-phenyl-1H-indole can potentially generate the three indole arynes by 
applying the metal halogen exchange and dehydrohalogenation, where metal halogen exchange 
could occur at C-4 by analogy to the 4,5,7-tribromoindole. By changing the solvent to diethyl 
ether, dehydrogenation could occur at C-6, then 5,6- and 6,7-indole aryne can be generated (Figure 
3.8).   
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Figure 3.8 proposed scaffold for the generation of the three indole arynes. 
 
            
           After methylation of the 4,5,7-trifluoro -3-phenyl-1H-indole, the compound, 3.6, was 
treated with t-butyllithium and furan in diethylether for the expected generation of 5,6- and 6,7- 
annulated indole cycloadducts with the 5,6- and 6,7-indole arynes as intermediates (Scheme 3.6). 
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Scheme 3.6. The expected annulated indole cycloadducts. 
 
Although the reaction did not proceed as expected, it suggested that the C-6 proton expected to be 
acidic due to the electron withdrawing fluorine atoms, is not the most acidic proton in 3.6 and the 
hydrogen on C-2 deprotonated instead of C-6 ending with the starting material (Scheme 3.6). 
 
 
3.4 Mechanism of Fischer indole synthesis 
          During the Fischer31 indole mechanism, an aryl hydrazine is condensed with a ketone or 
aldehyde, in our case phenylacetaldehyde, to produce the hydrazone, which generates an ene-
hydrazine followed by protonation and [3,3]-sigmatropic rearrangement. After that, 
rearomatisation, ring closure, and elimination of ammonia give the indole entity as illustrated in 
Scheme 3.7.  
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Scheme 3.7. Fischer indole mechanism. 
 
3.5 Gas phase free energies of reaction in kcal/mol 
          Gaussian09 DFT calculations were performed using the 6-311++G (2d,p) basis set and the 
B3LYP functional. The free energy calculations Kcal/mol suggested that not only is the proton on 
C-7 more acidic than the proton on C-2, but that the C-4 and C-5 protons are more acidic than C-
2, at least in the lithiated species. This computational data supports the idea that we can generate 
the indole arynes from these scaffolds (Figure 3.9).33 
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Figure 3.9. Gas phase calculated free energies of reaction of anions and lithiated species of the 
trifluoroindole systems in Kcal/mol. 
 
3.6 Comparison between proton chemical shifts of indole and proton chemical shifts of 
trifluoroindole and tribromoindole sets  
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Figure 3.10. Proton chemical shifts of the indole, trifluoroindole, and tribromoindole sets. I = 
indole; TFI = trifluoroindole; TBI = tribromoindole. 
 
         After comparing the proton chemical shifts of the trifluoroindoles and tribromoindoles to the 
indole itself, a clear trend can be seen in both cases, even though it is not a perfect comparison due 
to the exist of phenyl ring at C-3 position in the trifluoroindole scaffolds (Figure 3.10). Proton 
chemical shifts of trifluoroindoles set shifted upfield whereas the proton chemical shifts of the 
tribromoindole systems shifted further downfield indicating that fluorine atoms shield the protons 
while bromine atoms deshield the protons as summarized in the table below:  
 
            
41 
 
Number 
of 
hydrogen 
1H δ of 
indole 
(ppm)  
1H δ of 
trifluoroindole 
scaffolds 
(ppm) 
Δ= 
δ trifluoroindoles 
- δ indole 
1H δ of 
tribromoindole 
scaffolds 
(ppm) 
Δ = 
δ tribromoindoles 
- δ indole  
H4 7.55  7.41  -0.14  7.89  0.34 
H5 6.99  6.71  -0.28  7.53  0.54 
H6 7.09  6.86  -0.23  7.59  0.50 
H7 7.40  6.99  -0.41  7.69  0.29 
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CHAPTER 4 
CONCLUSIONS AND FUTURE DIRECTIONS 
4.1 Refined concept of a “universal” indole aryne platform   
                 After the analysis of the experimental and computational studies of the trifluoroindole 
systems, and in consideration of the 5,6-difluoroindole results, we are now focused on two 
candidates for a “universal” indole aryne generation platform, namely, 4,5,6-trifluoro-1-methyl-3-
phenyl-1H-indole (Figure 4.1) and 5,6-difluoro-1-R-3-phenyl-1H-indole (Figure 4.2).  
 
 
Figure 4.1. The 4,5,6-trifluoro-1-methyl-3-phenyl-1H-indole. 
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Figure 4.2. The 5,6-difluoro-1-R-3-phenyl-1H-indole. 
 
In the first scaffold, 4,5-indole aryne can be generated via selective metal halogen exchange at C-
4 and elimination in solvent 1 (e.g., toluene). This is expected by analogy to the same results 
observed in the corresponding 4,5,6-tribromoindole system.34 By changing the solvent to  (e.g., 
anisole or pyridine),  5,6-indole aryne can be generated via selective metal halogen exchange at 
either C-5 or C-6 and elimination as solvent-based DFT calculations indicated.35  6,7-indole aryne 
can be produced via selective dehydrohalogenation at C-7 and elimination in another solvent  (e.g., 
diethyl ether). This is expected by analogy to the same results observed in the corresponding 5,6-
difluoroindole system (Scheme 4.1).1,2     
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Scheme 4.1. The first refined “universal” indole aryne generating platform. 
 
          The other refined “universal” indole aryne generating platform that potentially generate the 
all three indole aryne is the 5,6-difluoro-1-R-3-phenyl-1H-indole. The 5,6- and the 6,7-indole 
aryne was generated via metal halogen exchange at C-5 or C-6 and elimination in toluene and via 
selective dehydrohalogenation at C-7 and elimination in diethyl ether, respectively.1,2 By 
introducing a bulky protecting group (e.g., TBDPS), the selective dehydrohalogenation could 
occur at C-4 and elimination in diethyl rther, thus generating the 4,5-indole aryne. This is expected 
because the proton at C-4 is the most kinetic acidic proton in this system. 
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Scheme 4.2. The second refined “universal” indole aryne generating platform. 
 
These two scaffolds currently under further experimental and computational studies for the 
possibility of generation the all three indole arynes.  
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CHAPTER 5 
EXPERIMENTAL SECTION 
5.1 General details 
           Nuclear magnetic resonance (NMR) spectra were obtained on a Varian Inova 400 MHz 
instrument operating at 399.793 MHz (1H-NMR), 376.123 MHz (19F-NMR), and 100.539 MHz 
(13C-NMR) using either CDCl3 (99.8 atom%) or CD3CN (99.8 atom%) as the solvent. The fluorine 
NMR is referenced to CFCl3 = 0.00 ppm. Residual solvent peaks at δ 7.249 ppm for CDCl3 and at 
1.950 ppm for CD3CN; the H2O residual signal was found at δ 1.533 ppm for CDCl3 and 2.158 
ppm for CD3CN. All commercially obtained starting materials, reagents, and solvents were used 
as received unless otherwise specified. n-Butyllithium was titrated against 2-butanol in anhydrous 
THF with 1,10-phenanthroline as an indicator prior to use. Tetrahydrofuran and diethyl ether were 
distilled from sodium and benzophenone under nitrogen prior to use. Toluene was distilled from 
calcium hydride under nitrogen prior to use. Temperatures of -78 ◦C were obtained through use of a 
dry ice/acetone bath. All melting points were taken on a Thomas Hoover capillary melting point 
apparatus and are uncorrected. 
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5.2 Experimental procedures 
Synthesis of 4, 6, 7-trifluoroindole via Bartoli approach 
 
2,4,5-Trifluoroacetanilide, 2.8. In a 250-mL round bottom flask was dissolved 1.000 g (6.798 
mmol) of 2,4,5-trifluoroaniline 2.7 in 68 mL of 1,2-dichloroethane. To this solution was added 
0.64 mL (7.8 mmol) of acetic anhydride and the mixture heated to 95 ◦C with stirring for 2 h. The 
mixture was cooled to room temperature and 2 M sodium hydroxide (100 mL) and ethyl acetate 
(100 mL) were added and the organic layer extracted. The combined organic extracts were dried 
over anhydrous magnesium sulfate, vacuum filtered, and concentrated under reduced pressure to 
give 1.192 g (92%) of crude 2.8 as a purple solid, mp = 127-129 °C. The compound was judged 
to be sufficiently pure to be used without purification by 1H NMR (CD3CN):  δ 8.25 (bs, N-H), 
8.14 (dt, J=8.0, 12.4 Hz, 1 H, Ar-H6), 7.18 (td, J=7.2, 10.4 Hz, 1 H, Ar-H3), 2.12 (s, 3 H, -CH3). 
19F NMR (CD3CN):  δ -130.5 (m, J=7.8, 11.2 Hz, 1 F), -142.4 (m, J=9.0, 20.6 Hz, 1 F), -143.4 (m, 
J=6.7, 12.4, 20.3, 1 F). 13C NMR (CDCl3):  δ 168.2 (s), 147.1 (ddd, J=2.3, 8.2, 238.7 Hz, C-F), 
146.3 (ddd, J=3.3, 12.3, 243.0 Hz, C-F), 145.4 (ddd, J=12.1, 14.3, 247.3 Hz, C-F), 122.5 (m), 
110.3 (dd, J=2.4, 25.1 Hz), 104.6 (dd, J=21.6, 25.7 Hz), 24.5 (s). Fluorine and proton NMR data 
of this compound was reported previously: (1) Laev, S.S.; Gurskaya, L. Yu.; Selivanova, G. A.; 
Beregovaya, I. V.; Shchegoleva, L. N.; Vasil’eva, N. V.; Shakirov, M. M.; Shteingarts, V. D. Eur. 
J. Org. Chem. 2007, 306-316; (2) Laev, S. S.; Evtefeev, V. U.; Shteingarts, V. D. J. Fluorine 
Chem. 2001, 110, 43-46. 
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2-Nitro-3,4,6-trifluoroacetanilide, 2.9. In a 25-mL round bottom flask was dissolved 0.5000 g 
(2.644 mmol) of 2,4,5-trifluoroacetanilide 2.8 in a solution of 0.446 mL of glacial acetic acid and 
1.55 mL of sulfuric acid. To this solution was added a mixture of 0.2 mL of fuming nitric acid, 
0.054 mL of glacial acetic acid, and 0.18 mL of sulfuric acid dropwise via syringe using an ice 
bath to maintain the temperature at about 20 ◦C. After removing the ice bath, the mixture was 
stirred at room temperature for 30 min and gravity filtered was used with water. The filtrate was 
extracted with diethyl ether (3 x 50 mL). The organic phase was dried over anhydrous magnesium 
sulfate, vacuum filtered, and concentrated under reduced pressure to give 0.376 g (61%) of 2.9 as 
a yellow solid, mp = 114-116 °C. This material was used without purification for the next step. 1H 
NMR (CD3CN):  δ 8.39 (bs, N-H), 7.54 (td, J=6.8, 10.0 Hz, 1 H, Ar-H5), 2.10 (s, 3 H, -CH3). 19F 
NMR (CD3CN):  δ -121.1 (t, J=10.5, 1 F), -135.3 (dd, J=9.0, 20.6 Hz, 1 F), -150.7 (m, J=6.7, 20.6 
Hz, 1 F). 13C NMR (CDCl3):  δ 168.3 (s), 151.9 (ddd, J=4.7, 9.6, 247.0 Hz, C-F), 148.2 (ddd, 
J=9.6, 11.9, 255.8 Hz, C-F), 140.6 (ddd, J=6.3, 15.8, 266.3 Hz, C-F), 116.0 (d, J=3.0 Hz), 115.9 
(d, J=5.8 Hz), 109.0 (dd, J=21.5, 26.4 Hz), 23.0 (s).This compound was reported in the literature, 
but no spectral data were provided: Finger, G. C.; Reed, F. H.; Burness, D. M.; Fort, D. M.; Blough, 
R. R.  J. Am. Chem. Soc. 1951, 73, 145-149. 
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2-Nitro-3,4,6-trifluoroaniline, 2.10. In a 50-mL two-neck round bottom flask was dissolved 
0.500 g (2.136 mmol) of 2-nitro-3,4,6-trifluoroacetanilide, 2.9, in a solution of 0.35 mL of 
concentrated hydrochloric acid and 3.20 mL of water. The mixture was refluxed at 110 ◦C for 2 h 
and then more water was added, and steam distilled was used to obtain an orange solution. The 
orange solution was extracted with dichloromethane (3 x 30 mL) and dried over anhydrous 
magnesium sulfate. The solution was filtered and concentrated under reduced pressure to give 
0.270 g (65%) of 2.10 as a brown solid, mp = 56-58 °C. This material was used without purification 
for the next step. 1H NMR (CD3CN):  δ 8.98 (bs, N-H2), 7.39 (td, J=6.8, 10.4 Hz, 1 H, Ar-H5). 19F 
NMR (CD3CN):  δ -134.1 (m, J=3.3, 11.2 Hz, 1 F), -151.2 (m, J=7.1, 20.6 Hz, 1 F), -154.2 (ddd, 
J=3.3, 10.1, 21.8 Hz, 1 F). 13C NMR (CDCl3):  δ 145.8 (ddd, J=5.9, 10.8, 242.3 Hz, C-F), 142.3 
(ddd, J=5.9, 17.8, 260.8 Hz, C-F), 140.2 (ddd, J=10.8, 14.3, 241.7 Hz, C-F), 131.2 (d, J=1.7 Hz), 
131.1 (d, J=2.2 Hz), 109.5 (td, J=1.2, 24.5 Hz). According to Finger et al., vacuum sublimation 
produced 2.10 as a bright orange solid, mp = 57.3- 57.8 ◦C. Finger, G. C.; Reed, F. H.; Burness, D. 
M.; Fort, D. M.; Blough, R. R. J. Am. Chem. Soc. 1951, 73, 145-149.  
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Diazo-oxides compounds, 2.16a or 2.16b. In a 5-mL round bottom flask was dissolved 0.050 g 
(0.260 mmol) of 2-nitro-3,4,6-trifluoroaniline in 0.2 ml of sulfuric acid and 1.5 ml of ethanol, and 
the solution cooled to 0 ◦C using ice bath. To this solution, 3.2 equivalents of sodium nitrite (0.057 
g) was added portion wise. After stirring for 15-20 min at 0 ◦C, the solution was filtered with water 
and extracted with ethyl acetate (2 x 50 mL), and finally with 50 mL of brine. The organic phase 
was dried over anhydrous magnesium sulfate, filtered, and concentrated under reduced pressure. 
The crude material was then purified via column chromatography on silica gel using 50% ethyl 
acetate in hexanes as eluent to give 0.012 g of either 2.16a or 2.16b.1H NMR (CD3CN):  δ 6.86 
(dd, J=7.2, 12.8 Hz, 1 H); 19F NMR (CD3CN):  δ -118.9 (dd, J=12.7, 18.4 Hz, 1 F), -144.2 (dd, 
J=7.5, 18.8 Hz, 1 F). 
 
 
 
 
2-Fluoro-1,5-diethoxy-3-nitrobenzen, 2.17. In a 5-mL round bottom flask was dissolved 0.050 
g (0.260 mmol) of 2-nitro-3,4,6-trifluoroaniline in 0.2 mL of sulfuric acid and 1.5 mL of ethanol, 
and at 60 ◦C, 3.2 equivalents of sodium nitrite (0.057 g) was added portionwise. The temperature 
was raised and the solution refluxed for 48 h. The solution was cooled down to room temperature, 
filtered with water, and extracted with ethyl acetate (2 x 50 mL), and finally with 50 mL of brine. 
The organic phase was dried over anhydrous magnesium sulfate, filtered, and concentrated under 
reduced pressure. The crude material was then purified via column chromatography on silica gel 
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using 50% ethyl acetate in hexanes as eluent to give 0.0285 g of 2.17. 1H NMR (CD3CN):  δ 7.03 
(dd, J=2.8, 4.8 Hz, 1 H), 6.91 (dd, J=3.2, 6.8 Hz, 1 H), 4.15 (q, J=7.2 Hz, 2 H, -CH2), 4.07 (q, 
J=7.2 Hz, 2 H, -CH2), 1.41 (t, J=7.2 Hz, 3 H, -CH3), 1.37 (t, J=6.8 Hz, 3 H, -CH3); 
19F NMR 
(CD3CN):  δ -152.3 (dd, J=4.5, 6.8 Hz, 1 F). 
 
Synthesis of 3-phenyl-4, 5, 7-trifluoroindole via Fischer approach 
F
F
F
NH2
F
F
F
NH.NH2 .HCl
2.7 3.5  
2,4,5-Trifluorophenylhydrazine hydrochloride salt, 3.5. In a 25-mL round bottom flask was 
dissolved 0.500 g (3.399 mmol) of 2,4,5-trifluoroaniline in 7 mL of concentrated hydrochloric acid 
at 0 ◦C for 15 min. To this mixture was added a solution of 1.11 equivalents of sodium nitrite and 
water dropwise over 30 min. 2.02 equivalents of stannous chloride dihydrate in hydrochloric acid 
was added dropwise, and the mixture stirred for 1 h at 0 ◦C and further for 48 h at room temperature. 
The mixture was filtered off with water and then washed with 2 M of sodium hydroxide. The 
filtrate was extracted with dichloromethane, dried over anhydrous magnesium sulfate, filtered, and 
concentrated under reduced pressure to give 0.355 g of the desired product. The hydrazine solid 
was dissolved in diethyl ether, hydrogen chloride was added to the hydrazine, followed by 
concentration under reduced pressure to give a white solid. 
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 4,5,7-Trifluoro-3-phenyl-1H-indole, 3.1. In a 100-mL round bottom flask was dissolved 0.300 
g of the hydrazine salt 3.5 in 60 mL of ethanol. To this solution, 1.1 equivalent of 
phenylacetaldehyde was added, and the mixture was refluxed for 8 h. The mixture was cooled 
down to room temperature and extracted with ethyl acetate and brine after evaporating the ethanol 
under reduced pressure.  The organic phase was dried over anhydrous magnesium sulfate, filtered, 
and concentrated under reduced pressure. The crude material was then purified via column 
chromatography on silica gel using 20% of t-butyl methyl ether in hexanes as eluent to give 0.082 
g of the indole 3.1 as a brown-yellow solid, mp = 130-132 °C. 1H NMR (CDCl3):  δ 8.45 (bs, N-
H), 7.58 (m, J=7.2 Hz, 2 H, phenyl-H2’), 7.41 (m, J=7.6 Hz, 2 H, phenyl-H3’), 7.31 (m, J=7.6 Hz, 
1 H,  phenyl-H4’), 7.29 (d, J=2.4 Hz, 1 H, indole-H2), 6.86 (td, J=5.6, 10.4 Hz, 1 H, indole-H6). 
19F NMR (CDCl3):  δ -137.6 (ddd, J=1.5, 10.2, 20.0 Hz, 1 F), -147.8 (ddd, J=1.1, 10.2, 20.0 Hz, 1 
F), -148.5 (m, J=20.0 Hz, 1 F). 13C NMR (CDCl3):  δ 143.7 (ddd, J=2.9, 11.6, 246.1 Hz, C-F), 
143.2 (ddd, J=9.8, 13.4, 236.8 Hz, C-F), 140.4 (ddd, J=3.5, 13.5, 245.4 Hz, C-F), 133.5 (s), 128.7 
(s), 128.6 (s), 128.3 (s), 126.7 (s), 124.3 (s), 122.7 (dd, J=9.4, 16.5 Hz), 119.1 (m), 98.3 (dd, 
J=22.0, 25.1 Hz). 
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4,5,7-Trifluoro-1-methyl-3-phenyl-1H-indole, 3.6: In a 10-mL round bottom flask was 
dissolved 0.015 g of 3-phenyl-4,5,7-trifluoroindole 3.1 in 5 mL of tetrahydrofuran at 0 ◦C. To this 
solution, 4.0 equivalent of sodium hydride was added. After 20 min of stirring, 4.0 equivalent of 
methyl iodide was added, and the reaction was monitored by TLC. After 3.5 h, the mixture was 
quenched with saturated ammonium chloride, and extracted with (2 X 50 mL) of diethyl ether. The 
organic phase was dried over anhydrous magnesium sulfate, vacuum filtered, and concentrated 
under reduced pressure to give (0.014 g) 88% of 3.6 as a brown-yellow solid, mp = 71-73 ◦C. 1H 
NMR (CDCl3):  δ 7.53 (m, J=8.4 Hz, 2 H, phenyl-H2’), 7.39 (m, J=7.6 Hz, 2 H, phenyl-H3’), 7.29 
(m, J=7.2 Hz, 1 H,  phenyl-H4’), 7.04 (s, 1 H, indole-H2), 6.80 (td, J=5.6, 10.8 Hz, 1 H, indole-
H6), 3.98 (d, J=2.0 Hz, 3 H, N-CH3). 19F NMR (CDCl3):  δ -138.9 (m, J=10.9, 20.0 Hz, 1 F), -
148.4 (m, J=10.5, 20.6 Hz, 1 F), -148.7 (m, J=20.6 Hz, 1 F). 13C NMR (CDCl3):  δ 144.6 (ddd, 
J=3.7, 11.6, 239.2 Hz, C-F), 142.8 (ddd, J=10.4, 15.9, 239.3 Hz, C-F), 140.2 (ddd, J=4.3, 17.1, 
247.9 Hz, C-F), 133.7 (s), 130.1 (s), 128.6 (s), 128.5 (s), 128.2 (s), 126.4 (s), 123.2 (dd, J=8.1, 
11.1), 118.1 (m), 98.3 (t, J=23.9 Hz), 35.7 (d, J=5.5 Hz, N-CH3). 
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4,5,6-Trifluoro-3-phenyl-1H-indole, 3.2. This compound was prepared according to the 
procedure for the synthesis of 3.1, yielding a yellow solid, mp = 135-137 °C. 1H NMR (CDCl3):  
δ 8.26 (bs, N-H), 7.57 (m, J=7.2 Hz, 2 H, phenyl-H2’), 7.41 (m, J=7.2 Hz, 2 H, phenyl-H3’), 7.31 
(m, J=7.6 Hz, 1 H,  phenyl-H4’), 7.24 (d, J=2.4 Hz, 1 H, indole-H2), 6.99 (ddd, J=1.6, 5.6, 7.2 Hz, 
1 H, indole-H7); 19F NMR (CDCl3):  δ -139.9 (m, J=20.6 Hz, 1 F), -141.1 (ddd, J=3.4, 9.0, 20.6 
Hz,  1 F), -171.7 (td, J=5.6, 20.3 Hz, 1 F); 13C NMR (CDCl3):  δ 148.7 (ddd, J=2.9, 13.1, 242.5 
Hz, C-F), 144.6 (ddd, J=4.9, 11.7, 259.1 Hz, C-F), 135.4 (ddd, J=16.5, 17.6, 239.4 Hz, C-F), 133.8 
(s), 131.6 (t, J=11.7 Hz), 128.6 (d, J=3.9 Hz), 128.3 (s), 126.6 (s), 123.5 (d, J=2.0 Hz), 118.2 (m), 
111.2 (dd, J=0.6, 15.6 Hz), 94.3 (dd, J=3.9, 21.6 Hz). 
 
 
4,6,7-Trifluoro-3-phenyl-1H-indole, 3.3. This compound was prepared according to the 
procedure for the synthesis of 3.1, yielding a brown-green solid, mp = 100-102 °C. 1H NMR 
(CDCl3): δ 8.51 (bs, N-H), 7.57 (m, J=6.8 Hz, 2 H, phenyl-H2’), 7.41 (m, J=7.6 Hz, 2 H, phenyl-
H3’), 7.33 (m, J=7.6, 1 H,  phenyl-H4’), 7.24 (d, J=2.4 Hz, 1 H, indole-H2), 6.71 (td, J=5.6, 10.8 
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Hz, 1 H, indole-H5). 19F NMR (CDCl3): δ -118.5 (dd, J=10.2, 19.55 Hz, 1 F), -145.1 (dd, J=10.2, 
20.3 Hz, 1 F), -165.5 (td, J=5.6, 20.6 Hz, 1 F). 13C NMR (CDCl3): δ 151.0 (ddd, J=2.4, 11.8, 247.8 
Hz, C-F), 144.9 (ddd, J=10.8, 12.7, 240.4 Hz, C-F), 134.4 (ddd, J=5.4, 16.2, 257.1 Hz, C-F), 133 
(s), 128.8 (s), 128.7 (s), 128.2 (s), 126.7 (s), 123.3 (m), 118.5 (m), 113.1 (m), 96.6 (dd, J=24.5, 
26.9 Hz). 
 
5,6,7-Trifluoro-3-phenyl-1H-indole, 3.4. This compound was prepared according to the 
procedure for the synthesis of 3.1, yielding a beige solid, mp = 105-107 °C. 1H NMR (CDCl3):  δ 
8.42 (bs, N-H), 7.55 (m, J=7.2 Hz, 2 H, phenyl-H2’), 7.44 (m, J=7.6 Hz, 2 H, phenyl-H3’), 7.41 
(dd, J=2.0, 6.8 Hz, 1 H, indole-H4), 7.38 (d, J=2.4 Hz, 1 H, indole-H2), 7.32 (m, J=7.6, 1 H,  
phenyl-H4’). 19F NMR (CDCl3):  δ -144.1 (dd, J=10.2, 19.2 Hz, 1 F), -156.5 (dd, J=2.27, 19.55 
Hz, 1 F), -168.1 (td, J=6.8, 20.6 Hz, 1 F). 13C NMR (CDCl3):  δ 13C NMR (CDCl3): δ 147.2 (ddd, 
J=1.4, 12.2, 240.5 Hz, C-F), 139.8 (d, J=5.9), 137.8 (ddd, J=4.4, 13.2, 248.3, C-F), 136.6 (ddd, 
J=11.8, 18.7, 243.4 Hz, C-F), 133.9 (d, J=0.9 Hz), 128.9 (s), 127.3 (s), 126.7 (s), 123.4 (dd, J=0.8, 
3.5 Hz), 121.4 (m), 119.3(m), 101.2 (dd, J=4.4, 20.1 Hz). 
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4,5,6-Trifluoro-1-methyl-3-phenyl-1H-indole, 3.13. This compound was methylated according 
to the procedure for the methylation of 3.6, yielding an orange-yellow solid, mp = 75-77 ◦C. 1H 
NMR (CDCl3):  δ 7.54 (m, J=7.2 Hz, 2 H, phenyl-H2’), 7.40 (m, J=7.2 Hz, 2 H, phenyl-H3’), 7.29 
(m, J=7.2 Hz, 1 H,  phenyl-H4’), 7.09 (s, 1 H, indole-H2), 6.89 (ddd, J=1.6, 5.2, 9.5 Hz, 1 H, indole-
H7), 3.74 (s, 3 H, N-CH3).  19F NMR (CDCl3):  δ -139.4 (d, J=20.6 Hz, 1 F), -141.1 (ddd, J=4.5, 
9.4, 20.6 Hz, 1 F), -172.3 (td, J=5.2, 20.6 Hz, 1 F). 13C NMR (CDCl3):  δ 148.4 (ddd, J=2.4, 12.2, 
242.3 Hz, C-F), 144.5 (ddd, J=4.9, 11.6, 251.6 Hz, C-F), 135.2 (ddd, J=15.2, 17.1, 239.2 Hz, C-
F), 133.9 (s), 132.6 (t, J=11.6 Hz), 128.4 (d, J=4.3 Hz), 128.3 (s), 128.2 (dd, J=0.9, 3.5 Hz), 126.3 
(s), 116.4 (m), 111.2 (dd, J=1.2, 15.2 Hz), 92.5 (dd, J=4.3, 22.1 Hz), 33.2 (s, N-CH3). 
 
 
 
4,6,7-Trifluoro-1-methyl-3-phenyl-1H-indole, 3.14. This compound was methylated according 
to the procedure for the methylation of 3.6, yielding a brown solid, mp = 82-84 ◦C. 1H NMR 
(CDCl3):  δ 7.52 (m, J=6.8 Hz, 2 H, phenyl-H2’), 7.40 (m, J=7.2 Hz, 2 H, phenyl-H3’), 7.30 (m, 
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J=7.2 Hz, 1 H,  phenyl-H4’), 6.99 (s, 1 H, indole-H2), 6.66 (td, J=5.6, 10.8 Hz, 1 H, indole-H5), 
3.99 (d, J=2.0 Hz, 3 H, N-CH3).  19F NMR (CDCl3):  δ -118.7 (dd, J=10.2, 19.5 Hz, 1 F), -145.9 
(dd, J=10.2, 19.5 Hz, 1 F), -168.6 (m, J=5.6, 20.6 Hz, 1 F). 13C NMR (CDCl3):  δ 150.8 (ddd, 
J=2.9, 12.6, 250.4 Hz, C-F), 145.2 (dt, J=12.2, 239.3 Hz, C-F), 135.2 (ddd, J=5.3, 16.6, 241.2 Hz, 
C-F), 133.8 (s) 129.0 (dd, J=1.2, 2.9 Hz), 128.7 (s), 128.7 (s), 128.2 (d, J=0.6 Hz), 126.5 (s), 116.7 
(m), 114.6 (m), 96.1 (dd, J=25.1, 27.0 Hz), 35.6 (d, J=5.5 Hz, N-CH3). 
 
 
5,6,7-Trifluoro-1-methyl-3-phenyl-1H-indole, 3.15. This compound was methylated according 
to the procedure for the methylation of 3.6, yielding a beige solid, mp = 90-92 °C. 1H NMR 
(CDCl3):  δ 7.51 (m, J=7.2 Hz, 2 H, phenyl-H2’), 7.43 (m, J=8.0 Hz, 2 H, phenyl-H3’), 7.38 (ddd, 
J=2.0, 6.4, 10.4 Hz, 1 H, indole-H4), 7.29 (m, J=7.2 Hz, 1 H,  phenyl-H4’), 7.14 (s, 1 H, indole-
H2), 3.99 (d, J=1.6 Hz, 3 H,  N-CH3). 19F NMR (CDCl3):  δ -144.4 (dd, J=10.5, 19.5 Hz, 1 F), -
159.5 (dd, J=2.2, 19.5 Hz, 1 F), -168.7 (td, J=6.0, 19.5 Hz, 1 F). 13C NMR (CDCl3):  δ 146.9 (ddd, 
J=1.4, 12.2, 239.8 Hz, C-F), 138.8 (ddd, J=4.1, 13.4, 250.3, C-F), 136.6 (ddd, J=13.4, 18.3, 241.7 
Hz, C-F), 134.1 (s), 129.0 (d, J=3.0 Hz), 128.9 (s), 127.2 (s), 126.4 (s), 122.2 (m), 121.9 (m), 
117.7(m), 101.4 (dd, J=4.3, 19.7 Hz), 35.5 (d, J=4.9 Hz, N-CH3). 
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